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Recovery of atrial systolic function after
pharmacological conversion of chronic atrial
fibrillation to sinus rhythm: a Doppler
echocardiographic study

Albino Jovic, Rosana Troskot

Abstract
Objective-To evaluate the time course of
the recovery of atrial mechanical function
after pharmacological cardioversion of
chronic atrial fibrillation to sinus rhythm.
Patients and methods-21 patients (12
male, 9 female, aged 37-77 years) with
chronic atrial fibrillation (< 6 months)
were followed up by serial transmitral
pulsed Doppler echocardiography.
Echocardiographic studies were per-
formed within the first 24 hours and on
day 8, 15, and 30 after cardioversion.
Results-There was a significant increase
(mean (SD)) in the peak A-wave velocity
(from 0 35 (0.10) on day 1 to 0 50 (1.73) on
day 8, and thereafter a gradual increase to
0*61 (0.14) m/s on day 30). Similarly, inte-
grated late atrial velocities increased
from 4 50 (1.46) on day 1 to 5*61 (1.73) on
day 8 and 5*97 (1.47) cm/s2 on day 30. The
atrial contribution to total transmitral
flow increased significantly from 26 (7)%
immediately after conversion of atrial fib-
rillation to sinus rhythm to 34 (7)% on day
30, indicating the haemodynamic benefit
of the restoration of sinus rhythm. Left
atrial diameter decreased but not signifi-
cantly, from 4-11 (0.37) to 3-98 (0.34) cm
(P < 0.005).
Conclusions-These results suggest that
restoration of atrial mechanical function
after pharmacological cardioversion in
patients with chronic atrial fibrillation is
slow and gradual, as it is after electrical
DC restoration of sinus rhythm. This
time course may have important implica-
tions for determining how long treatment
with anticoagulants and antiarrhythmic
agents needs to continue in individual
patients. It will also influence the clinical
assessment of the haemodynamic benefit
of restoring sinus rhythm in patients with
chronic atrial fibrillation.
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Apart from extrasystoles, atrial fibrillation
(AF) is the heart rhythm disturbance most fre-
quently encountered in clinical practice. AF
leads to the loss of organised electrical and
mechanical atrial activity.' 2 The steady
increase in the prevalence of AF has been
attributed to increased life expectancy and the
greater proportion of elderly people with car-

diovascular diseases. The incidence of AF in
the general population is 04%. In those over
65 years of age it rises to 4%, and about half
those with this arrhythmia are older than 75.25

In more than 75% of elderly AF patients,
the aetiology includes arterial hypertension
and sick sinus syndrome, whereas mitral valve
disease, thyrotoxicosis, alcohol, anaemia, peri-
carditis, and cardiosurgical procedures are
important aetiological factors in younger
patients.4 Elimination of these factors is a pre-
condition for achieving sinus rhythm, and vital
for maintaining it. However, in 3% to 31% of
cases, AF occurs as an isolated event ("lone
atrial fibrillation") without a recognisable
cause or structural heart disease.5-7

In each patient with AF the aim of treat-
ment is to restore sinus rhythm. This can be
achieved by antiarrhythmics or electrical car-
dioversion. Immediately after conversion of
AF to sinus rhythm, atrial electrical activity
becomes normal, but what is the time course
of recovery and is atrial contractile function
restored? Atrial mechanical activity and con-
tractile systolic activity have been shown to
recover gradually, within a few hours to several
weeks.8-'0 Recently, Doppler echocardiography
has been most commonly used as the most
appropriate, non-invasive method of visualis-
ing transmitral flow to assess left ventricular
diastolic function, including the contractile
contribution of the left atrium."l-14
The aim of this study was to determine the

dynamics of recovery and restoration of atrial
systolic function after pharmacological conver-
sion to sinus rhythm in patients with chronic
AF, by measuring transmitral diastolic flow by
Doppler echocardiography.

Patients and methods
STUDY POPULATION
We studied 21 patients (12 men and nine
women aged 27-77 years, mean age 61(9))
with chronic AF. Twelve had no signs of
structural heart disease or risk factors for AF,
so they probably had isolated AF, so-called
lone atrial fibrillation. Of the remaining nine
patients, one had experienced cardiac infarc-
tion and had raised blood pressure, one had
diabetes mellitus and raised blood pressure,
and one had angina pectoris and raised blood
pressure. Of the remaining six patients, two
patients had raised blood pressure, and one
each had diabetes mellitus, angina pectoris,
hyperlipidaemia, and history of cerebrovascu-
lar accident.

Conversion of AF to sinus rhythm was
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Doppler transmitralflow velocity variables (mean (SD))

Timing of measurement

Day ) Day 8 Day 15 Day 30 P (day I v day 30)

PeakE (cm/s) 0 91 (0-19) 0-78 (0 16) 0 75 (0.11) 0-72 (0 11) < 0 005
Peak A (cm/s) 0 35 (0.10) 0 50 (0-16) 0 58 (0.14) 0 61 (0 14) < 0 005
E-VTI (cm/s2) 11-55 (2-11) 10-84 (1-92) 10-89 (2 30) 10-46 (2 07) NS
A-VTI (cm/s2) 4 50 (1-46) 5-61 (1-73) 6-04 (1-55) 5 97 (1-47) < 0 005
AIVTI-total (%) 26 (7) 33 (9) 33 (7) 34 (7) < 0 005
E/A 2-78 (1-10) 1 83 (0 79) 1.37 (0.44) 1 30 (0 48) < 0-005
E-VTI/A-VTI 2-84 (1 7) 2-27 (1.01) 1.84 (0.56) 1.86 (0 56) < 0-005
VTI-total (cm/s7) 17-14 (2-97) 17 20 (2 37) 18 28 (3 20) 17-43 (3 21) NS

A-VTI, integrated velocity of late transmitral diastolic flow; E-VTI, integrated velocity of early transmitral diastolic flow; Peak-A,
maximal velocity of late transmitral diastolic flow; peak-E, maximal velocity of early transmitral diastolic flow; VTI-total,
integrated velocity of total transmitral diastolic flow.

achieved by quinidine in a mean (SD) dose of
1600 (400) mg daily. All patients had been
taking individually determined oral doses of
anticoagulant for at least a month before the
study. Quinidine was well tolerated by the
patients. No major side effects, except for mild
gastrointestinal discomfort, were reported. In
addition to quinidine sulphate, the patients
were treated with digitalis (two patients), fi
blockers (two patients), calcium antagonists
(six patients), and propafenone (two patients).

DOPPLER ECHOCARDIOGRAPHIC ANALYSIS
Echocardiographic studies were performed on
an Ultramark 7 (ATL) device with a 2-5 MHz
electronic probe. Transmitral flow was mea-
sured by pulsed Doppler from an apical four
chamber view in the left lateral position. The
sample volume was applied to the tips of the
mitral valve leaflets, as previously described in a
study that evaluated left ventricular diastolic
function from transmitral flow.'5
The following variables were analysed from

three succesive cardiac cycles: maximal and
integrated velocity of early transmitral dias-
tolic flow (E, E-VTI), maximal and integrated
velocity of late transmitral diastolic flow (A, A-
VTI), and integrated velocity of total transmi-
tral diastolic flow (VTI-total).
The following variables were determined

from the parasternal long and short axis: left
atrial diameter (LA) and diastolic and systolic
left ventricular diameter (LVd and LVs).
Mitral regurgitation was detected and evalu-
ated by pulsed and colour Doppler.

All measurements were carried out within
the first 24 hours (first measurement), and on
day 8 (second measurement), day 15 (third
measurement), and day 30 (fourth measure-
ment) after conversion ofAF to sinus rhythm.

Figure 1 Peak
transmitral A and E
velocity after conversion to
sinus rhythm. A, atrial
contraction wave; E, early
filling wave.
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Examinations were videotaped using a
Panasonic 7330E videorecorder, for subse-
quent measurements and thorough analysis of
the findings by a blinded observer.

STATISTICAL ANALYSIS
Statistical significance for paired samples
(observation pairs) was determined by the test
of differences of arithmetical means at the
0 005 level of significance.
The protocol was approved by the investiga-

tional review board of the hospital and all par-
ticipants gave informed consent.

Results
In all patients the A wave of transmitral flow
appeared immediately after pharmacological
conversion of AF to sinus rhythm, indicating
recovery of left atrial contractile function.
Unlike in other studies,'6 17 a missing A wave-
a sign of atrial standstill or stunning-which is
probably characteristic of some patients after
DC shock electroconversion,18 19 was not
recorded in any of our patients. Results are
presented in the table.
The greatest decrease in the maximal veloc-

ity of early diastolic left ventricular filling (E
wave) occurred from day 1 to the second
examination (day 8 after sinus rhythm recov-
ery), thereafter it continued to decrease gradu-
ally until day 30. Maximal transmitral flow
velocity at the time of atrial contraction (A
wave) increased gradually from the first to the
fourth measurement, resulting in a gradual but
significant decrease in the ratio of maximal E
wave and A wave velocities (fig 1). The values
and ratio of integrated velocities of the A and
E waves followed a similar pattern of changes
(table, fig 2), but integrated velocities of total
transmitral flow (VTI-total) did not change
significantly during the month of monitoring,
suggesting a compensatory pattern of changes
in particular phases of the left ventricular dias-
tolic filling. However, there were significant
changes in the atrial contribution to total
transmitral flow (ANTI-total), which was 26
(7)% immediately after conversion, and grad-
ually and steadily increased, reaching 34 (7)%
on day 30 and confirming the haemodynamic
benefit of sinus rhythm restoration in our
patients (table, fig 3).

During the one month follow up, no sub-
stantial changes were recorded in the left atrial
diameter (LA). On days 1 and 30 it was 4-11
(0'37) and 3-98 (0-39) cm, respectively, but
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Figure 2 Integrated velocity of early, late, and total diastolic filling after conversion to
sinus rhythm. A-VTI, integrated velocity of late transmitral diastolic flow; E-VTI,
integrated velocity of early transmitral diastolic flow; VTI-total, integrated velocity of total
transmitral diastolic flow.
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Figure 3 Change in the percentage atmial contribution to
total transmitralflow. A, atmial contraction wave; VTI,
integrated velocity of total transmitral diastolic flow.

the decrease was not statistically significant
(P < 0 005). Neither did the left ventricular
size undergo any significant changes during
the period of observation. On days 1 and 30
diastolic left ventricular diameter (LVd) was
5-23 (0-38) and 5-20 (0-27) cm and systolic
left ventricular diameter was 3-37 (0 28) and
3-35 (0 29) cm, respectively (P < 0 005).

Discussion
In chronic AF, recovery of atrial contractile
function may vary greatly from patient to
patient, depending on a number of factors.'920
Proper evaluation of the intensity of atrial con-

tractile function and time of definite recovery
is important to a clinician for several reasons.
That is why efforts to assess the recovery of
atrial mechanical function were made as early
as nearly 30 years ago, using invasive record-
ing of the intra-arterial pressure curve.

Recovery of atrial contraction did not occur

immediately after conversion, but proceeded

gradually, with the initial haemodynamic con-
tribution being undetectable.21 22

Before the introduction of Doppler echocar-
diography in clinical practice, Ikram et al 23 and
Malich et al24 confirmed these observations
from invasive studies by non-invasive apex
kinetocardiography. They also concluded that
in most patients, atrial contraction is generally
restored within the first 24 hours.

Doppler echocardiographic analysis of
transmitral flow has proved to be the method
of choice for this purpose.14 25 Using this
method, Dethy et al'7 found that patients who
had a rapid improvement in atrial contractility
had a better outcome in terms of successful
maintenance of sinus rhythm: this finding was
not confirmed by others.8 However, such
assessment is crucial in deciding to continue
antiarrhythmic therapy and in determining the
duration and dose of anticoagulant required
after sinus rhythm has been restored.
Maximal A wave and E wave velocities,

their ratio, and the atrial contribution to total
transmitral flow are adequate indices for accu-
rately determining the time that atrial function
recovers, and both can be measured easily by
Doppler echocardiography and precisely eval-
uated in most patients.
A slower recovery and occasionally even

complete absence of atrial contraction (so-
called atrial standstill or stunning) might in
part be attributed to the effect ofDC shock on
atrial inotropism. Manning et al'2 found that
among patients with chronic AF recovery of
atrial mechanical function was dependent on
the duration of AF before cardioversion.
However, among patients who had had AF < 5
weeks, recovery of atrial mechanical function
seemed to be related to the mode of cardiover-
sion, and atrial contractility was restored more
rapidly in patients undergoing pharmacologi-
cal cardioversion than those undergoing elec-
trical cardioversion.l3

In the present study analysis of the Doppler
echocardiographic curve of transmitral flow
showed the greatest changes in the A wave,
where maximal velocities markedly increased
from 0 35 (0-10) on day 1 to 0-61 (0-14) cm/s
on day 30 (P < 0 005), along with a striking
change in E/A ratio from 2-78 (1-10) to 1-30
(0A48) (P < 0 005). The atrial contribution to
total transmitral flow (fig 3) changed signifi-
cantly, thus clearly confirming the haemody-
namic benefit of achieving sinus rhythm. In
our patients AF had lasted more than six
months and recovery of atrial contractile func-
tion was most intense within the first 24 hours,
with a considerable gradual improvement dur-
ing the subsequent 30 days. The results of our
study resemble those after electrical cardiover-
sion in patients with prolonged AF.
Cardioversion in our patients was achieved by
the administration of quinidine, in some cases
combined with digitalis, fi blocker, calcium
blocker, or propafenone. However, these addi-
tional agents were unlikely to have any signifi-
cant effect on the results obtained.
Our results suggest that in patients with

pharmacological AF conversion to sinus
rhythm, as in those in whom sinus rhythm is
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restored by DC shock, atrial contraction func-
tion gradually returns to normal. This implies
two important messages for clinicians. Firstly,
anticoagulant therapy should be continued for
at least a month, because the initial atrial con-
tractility is quite weak and the risk of throm-
bus formation within the atria persists even
after sinus rhythm is restored. Monitoring of
the dynamics of restoration of atrial mechani-
cal function in each individual patient helps to
detect those who are likely to need treatment
for longer or even permanently. Secondly, the
benefit of restoring sinus rhythm in patients
with chronic AF needs be evaluated for at least
a month, and in some patients for longer.
Earlier evaluation may underestimate the ther-
apeutic effects of restoring sinus rhythm.

Positive conclusions, for example, about the
duration of the sinus rhythm likely to be
achieved, based on Doppler echocardio-
graphic analysis of the pattern of changes in
transmitral flow, after medical conversion of
chronic AF to sinus rhythm require clinical tri-
als with long term follow up.
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